Electricity generation around the world is mainly produced by using non-renewable energy sources especially in the commercial buildings. However, Rooftop solar Photovoltaic (PV) system produced a significant impact on environmental and economical benefits in comparison to the conventional energy sources, thus contributing to sustainable development. Such PV's system encourages the production of electricity without greenhouse gas emissions that leads to a clean alternative to fossil fuels and economic prosperity even in less developed areas. However, efficiency of rooftop solar PV systems depends on many factors, the dominant being geographical (latitude, longitude, and solar intensity), environmental (temperature, wind, humidity, pollution, dust, rain, etc.) and the type of PV (from raw material extraction and procurement, to manufacturing, disposal, and/or recycling) used. During the feasibility analysis of the environment, geographical conditions are keep in well consideration, but the pollution level of the city is always overlooked, which significantly influences the performance of the PV installations. Therefore, this research work focused on the performance of rooftop solar PV installed in one of the most polluted city in India. Here, the loss in power generation of rooftop solar PV has been studied for the effect of deposited dust particles, wind velocity before and after the cleaning of the panels. The actual data has been utilized for the calculation of the energy efficiency and power output of the PV systems. According to the results, it has been concluded that dust deposition, wind speed and pollution level in city significantly reduces the efficiency of solar photovoltaic panel. Hence, an overview of social and environmental impacts of PV technologies is presented in this paper along with potential benefits and pitfalls.
Introduction
Globally, the photovoltaic (PV) market development has been driven by distributed installations due to the reduction in price and rise of feed-in tariff policies. Projection for solar PV growth is expected to be increases from year 2014 (i.e 40,000 MW) to 2018 (i.e 80,000 MW), which is just double by year 2018, as depicted in Figure 1 [1] .
India, fourth largest energy consuming country after USA, China and Russia is not blessed with abundant fossil fuels or the energy resources. Therefore renewable energy plays a vital role in meeting India's energy demand and improving domestic production by imports.
The renewables energy access is expected to increase 54,503 MW 99,617 MW by the end of the year 2022 [2] .India has significant solar energy potential to harness than other techniques due to the geological location. With present schemes and policy, solar energy is also more affordable compared to other renewable energy technologies. It can reduce the costing for the generation of solar power therefore India has aimed to deploying 10,000 MW of grid connected solar power by the year 2017 [2] . Solar power is the conversion of sunlight to electricity by implementing the photovoltaic effect. The photovoltaic effect depends on photovoltaic technology in which certain materials would produce small amounts . Figure 1 ; Global annual Solar PV market growth by 2018 [1] The commercial efficiency of solar power system varies from 17% to 20% [4] . [4] .Therefore, the research work is focused to study the effect of dust on performance of solar power plant installed on commercial building (Head Quarter of National Productivity Council), Delhi. Furthermore, this paper also investigates the parameters that lead to the deposition of dust on the solar panel such as wind velocity and urban pollution level.
Study and analysis of Photovoltaic System
The study and analysis of Solar PV system signifies that the performance and efficiency improvement of V/kWp which represents 1% of the current turnkey specific price of domestic PV-generators [5] .
The physicists in the field of renewable and sustainable energy investigated the performance of PV module due to dust accumulation and the rate of panel degradation in Oman under laboratory condition using prominent air pollutants (4 type of dust) of different sizes.
The sand deposition and fly ash deposition resulted in 4.7% and 25% voltage reduction respectively [6] .
Furthermore, another physicist studied the effects of dust pollution on PV array power output in Saudi Arabia. The experiment conducted by them showed 32% reduction in output power generation due to desert dust accumulation over the period of eight months [7] . Similarly, Due to sand deposition in Kuwait Wakim [8] observed a 17% reduction in energy efficiency of PV modules after only six days.
The power output performance for a year has been studied in the United Arab Emirates by El-Nashar [9] found monthly reductions in glass transmittance by 10%
in summer and 6% in the winter and overall power output reduction by as much as 70% over the whole year.
Power loss due to haze pollution in Indonesia has been considered before, after and during the haze pollution 2013 by Maghami et al [10] .
Data collected for 8 months for PV performance (voltage, current and temperature) and an environmental condition (temperature, irradiation, air pressure etc) was compared between fixed flat arrays and tracking flat array. The results show that tracking flat photovoltaic more suitable rather than fixed flat. Grassi [11] concluded the reduction in the power output performance of outdoor PV modules after only a few weeks of operation. Elminir et al. [12] investigated the effects of tilt angles on dust deposition and glass transmittance for PV modules. The results showed that more the tilt angle less is the dust deposition density and lower is loss of transmittance. Rate of degradation in PV performance investigated by Beattie et al. [13] found exponential relation with dust accumulation on the free fractional area to the life span of PV module. El-Shobokshy and Hussein [14] studied the effects of the size and density of dust particles on PV performance, and they found that fine dust had a greater effect on PV module performance than coarse dust. Moreover, Goossens and Kerschaever [15] performed air duct experiments to investigate the influence of wind velocity on dust accumulation on PV modules. Their results showed that more energy was lost when the wind velocity raised, due to the greater density of dust deposition on the PV panels.
However, most studies in this area have been to sunlight, properties of sunlight, dirt, dust and etc. are efficacious in cell performance [15] [16] . By increases the solar radiation, Voc elevates linearly, as an upshot the resulting power increases. As the cell temperature increases the efficiency drops by lowering the Voc and a slight decrease of Isc. In order to increase the cell efficiency, the cell surface must be kept at lower temperatures and the dirt and dust should be removed from its surface. However, texturing, passivation of the surface and adding anti reflecting materials can improve the performance [16] [17] [18] .
To rationally should be taken in to for design of purposes. In this study the effect of dust, humidity and air velocity in terms efficiency will be elaborated.
system description and assumptions
To promote solar energy government of India has devised a policy to provide 30 per cent capital subsidy (sanctioned Rs 50 billion) for rooftop solar installations across residential, government, social and institutional segments. The amount is sufficient to support a total rooftop capacity of 4,200 MW [4] . Grid connected solar Besides that, the ambient temperature, panel temperature and dust level in the city was also considered.
Power generation calculation doesn't consider quantity of dust accumulation and dust factor
It was difficult to obtain spectral distribution and temperature measurements for this study.
The performance and the efficiency of solar PV system varies with change in solar irradiation and ambient temperature. In order to maintain the correctness of experimental and theoretical analysis and to normalize the variation of solar radiation and ambient temperature during the study period, percentage error is calculated using equation (2) .
where, En normalized energy generated over the period of time is ratio of energy output "Poutput" of a PV installation normalized to variation of solar radiation to the energy generated during cleaning of PV panels' considered as the base-case scenario.
Experimental setup and analysis
The power generation data is captured through online monitoring of the system. On the day 1 of the experiment, the panels were cleaned thoroughly using clean cloth, water and again with cloth to remove the dry dust, wet dust and bird dropping. Without cleaning the panels for next 15 days, daily hourly power generation data was capture daily, and cumulated for 5 days each.
On the 16th day, panels were again clean to remove the Department, located at Lodhi Road.
Analysis:
The power generated, was closely monitored daily and cumulated energy generation for 5 days each was normalized using the equation ( The manual cleaning method adopted in most of the rooftop solar PV installed in commercial buildings is conventional and non-effective way to clean the panels.
Conclusion
Effect 
